We study the asymptotic behavior in time and scattering problem for the solutions to the Cauchy problem for the derivative cubic nonlinear Schrodinger equations of the following form
The nonlinear term of (1.1) does not satisfy the condition that d u *V (u,u,u x , U*) is pure imaginary, which is the well known sufficient condition for the local solvability of the nonlinear Schrodinger equations of the derivative type (see [8] ) . Here we encounter a difficulty of the derivative loss and so the standard energy methods can not be applicable directly to such an equation. To overcome this difficulty one has therefore to use either dispersive smoothing effects of the linear part of the equation, or some gauge transformation. This last method is used in the present paper. It relies on some algebraic properties of the nonlinearity (similar to that of papers [1] , [6] , [12] ) and is subtle. Another difficulty in the study of the large time asymptotic behavior of solutions to the Cauchy problem (1.1) is that the cubic nonlinear term of (1.1) is critical for large time values, because it does not satisfy the so called null gauge condition introduced in [13] . Indeed the nonlinearity of (1.1) in general can not be written in the form (yiU + V2Ux)d x \u 2 , where v\, v 2 £C 8 To treat the critical cubic nonlinearity of (1.1) we use the techniques developed in previous works [4] , [5] , where we introduced an appropriate phase function.
Note that in the case Jf 1 = Jf 6 = 0, Jf 2 = Jf 3= -iv\^C and jf 4 = Jtr 5 =v 2^C the nonlinear term of equation (1.1) has the form (y\ u+v 2 u x }d x \u\ 2 and therefore satisfies the null gauge condition of Tsutsumi [13] . So the global existence of small solutions and the existence of the usual scattering states were proved in [8] If we choose Jf 5 (z) = ^^ and A 5 =// = ± 1, and the rest functions Jfi = Jf 2 = j^3 = J^4 = ^'6 = Q 9 then equation (1.1) appears in the classical pseudospin magnet model [9] . For this case the almost global existence of solutions to (1.1) was obtained in [8] . More precisely, the existence time T was shown in [8] which was studied in [5] , [11] . Note that equation (1.2) also does not satisfy the null gauge condition of [13] . However, by the gauge transformation technique (see [3] u, namely, we can apply the method of papers [2] , [4] , [10] to equation (1.2) . Thus in the case of equation (1.2), the modified scattering states were constructed in [5] and the existence of the modified wave operators was proved in paper [7] . However for the case of equation (1.1) we do not know the existence of a gauge transformation translating it into a system of nonlinear Schrodinger equations without derivatives of unknown function in the nonlinear term and as far as we know the existence of modified wave operators and modified scattering states for equation (1.1) are still open problems.
In this paper we prove the global existence of solutions to the Cauchy problem (1.1) in the weighted Sobolev spaces for small initial data as well as the existence of the modified scattering states (see Theorem 1.1 below). Our result is sharp because in Theorem 1.2 below we provide a non-existence result of ordinary scattering state. Furthermore we obtain the large time asymptotics of solutions (involving the sharp L°° time decay estimates). We now introduce 1 . We can not apply the usual energy method to (2.5) and (2.6) because of the lost of derivatives, so we use a gauge transformation similar to that applied in papers [1] , [6] , [12] . We compute the multiplication factor Note also that ZTu (t, x) = ~jre itx v x (t, %), therefore we have the following relationŝ
NUooHKi-^2Ŝ
o we need to prove the estimate || (1 -</ 2 )v ||«, < 12e. In order to get it we multiply equation (2.11) by operators J and of 2 . Then we need to extract from the nonlinearity the main term which diverges for large values of time. Using the identity We now put w/=w/ exp(z"0 + ). Therefore we obtain the asymptotics (1.5) for t -> oo uniformly with respect to x^R. Via (3.4) and (2.17) we have whence we get whence (1.4) follows. This completes the proof of Theorem 1.1.
Q. E. D.
Proof of Theorem 1.2. We prove the theorem by contradiction, so we assume that u + is not identically zero. Multiplying equation ( Q. E. D.
